Rheumatoid arthritis (RA) is a chronic debilitating inflammatory disease affecting mainly the joint, surrounding tissue and other extraarticular structures in the body. RA can lead to destruction of bone and cartilage which may cause severe disability and it is characterized by the presence of serum rheumatoid factor (RF). The anti-cyclic citrullinate peptide (anti-CCP) antibody is another serum biomarker used in RA diagnosis with higher sensitivity and specificity.
Introduction
Rheumatoid arthritis (RA) is a chronic debilitating inflammatory disease affecting mainly the joint and surrounding tissue. The etiology or precipitating factor of this disease is unknown; however interaction between both genetic and environmental factors is thought to contribute to its occurrence. [1] The condition affecting approximately 0.5% to 1% of the world population based on the geographical distribution and ethnically diverse population. [2] RA is a systemic disease that also involves numerous extra-articular organs such as lung, eye, vessels, blood cells, and others. Early and aggressive intervention with established or new drugs can reduce the pathogenic process, improve the function of the joint, and increase the quality of life. [3] In order to facilitate the diagnosis of early RA, the American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) RA classification criteria were introduced in 2010. The criteria redefine RA at the very early stage of diagnosis, compared to the previous 1987 ACR criteria that primarily predicted erosive disease. The introduction of anti-cyclic citrullinated peptide (anti-CCP) antibody assay as a second domain in the criteria is a significant advance in rheumatological field. Anti-CCP antibodies are principally autoantibodies directed against citrullinated proteins in the synovium of RA patients. [4] The importance of this assay in the diagnosis and prognostication of RA has not been determined in Malaysian population of RA patients. Thus the aim of this study is to elucidate the association and efficacy of anti-CCP antibody in different aspects of disease activity, rheumatoid factor (RF), radiological defects, and extra-articular manifestations in the diagnosis of RA.
Methods

Patients and data collection
We retrospectively reviewed the records of 159 RA patients who were diagnosed between 2010 and 2017 at Hospital Universiti Sains Malaysia (HUSM). All the patients met the 2010 ACR/EULAR classification criteria for the disease. Patient who were less than 16 years old, probable RA or overlap syndromes were excluded.
The following clinico-demographic data were retrieved from the Medical Records Unit at HUSM: age, age at onset of RA, gender, Disease Activity Score-28 for Rheumatoid Arthritis with erythrocyte sedimentation rate (ESR) (DAS28-ESR) score and extra-articular manifestations. Data for extra-articular involvements were based on history taking, routine physical examination for pulmonary system, abdomen, rheumatoid nodule, vasculitis, and full blood count for anemia and leucopenia. Rheumatoid nodule and vasculitic lesion over the skin that had been assessed by rheumatologist, dermatologist, or any general physician were counted. Patient with positive lung finding by clinical examination was evaluated by chest radiograph and highresolution CT (HRCT) thorax if indicated. The study protocol was approved by the local ethics committee of Universiti Sains Malaysia (USM/JEPeM/17020077).
Disease activity was assessed by using DAS28-ESR which includes 28 joints count of swelling and tender joints, ESR and general health assessment using visual analog score (VAS). Elevated ESR levels were defined as >15 mm/h and >20 mm/h in male and female, respectively. It was calculated using DAS28-ESR calculator version 1.2 by A. den Broeder, M. Zandbelt and M. Flendrie (website address: https://www.das-score.nl/das28/ DAScalculators/DAS28_4VAR.html). Result of this score was reported in quantitative value divided into 4 categories: remission with score of <2.6, mild activity if score of ≥2.6 to <3.2, moderate activity if score of ≥3.2 to <5.1 and high activity if score of ≥5.1.
Immunoassays
The patients' anti-CCP antibodies were analyzed by enzymelinked immunosorbent assay (ELISA) (Immunoscan RA CCP2, Euro-Diagnostica, Arnhem, the Netherlands) according to the manufacturer's instructions. The results were reported qualitatively where negative or positive for anti-CCP antibody was defined as <20.0 U/mL or ≥20.0 U/mL, respectively. RF status was obtained using the latex agglutination method (RF Direct Latex; VEDALAB, France), and the presence of agglutination was considered as positive for RF.
Radiological assessment
Radiological defects in RA patients were evaluated using plain radiograph of bilateral hands and feet. Radiological findings of joint erosion and joint space narrowing were identified in any 16 joints of the hand and 6 joints of the feet. Radiological findings were reported and discussed with a radiologist (WAWA).
Statistical analysis
All data entry and statistical analyses were performed using SPSS Statistics version 22.0 (IBM, Armonk, NY). Numerical variable was expressed in mean (standard deviation, SD) while data for categorical variable was expressed in frequency and percentage. The correlation of study variables was analyzed using proportion formula for prevalence, independent t test for numerical variables, and chi-square or Fisher exact test for categorical variables. The power of this study was set at 80% and confidence interval (CI) was 95%. In all the analyses, a 2-tailed P <.05 was considered statistically significant.
Results
Clinico-demographic characteristics
A total of 182 patients were available for this study, however, 23 patients had incomplete data, and thus 159 patients were included in the analysis. From 159 patients, 134 patients (84.3%) were female. Majority ethnic group in this study was Malay (87.4%) followed by Chinese (n = 16; 10.1%) Siamese (n = 3; 1.9%) and Indian (n = 1; 0.6%) ( Table 1 ). The mean age of the cohort was 48.3 years old ranging from 17 to 79 years old. A total of 99 patients (62.3%) had positive RF while 83 (52.2%) were positive for anti-CCP antibody.
For other variables, mean DAS28-ESR score for all patients upon diagnosis was 4.74 indicating medium disease activities. The 58 patients (36.5%) had radiological involvement upon diagnosis while 49 patients (30.8%) had extra-articular manifestation (Table 1) . Rheumatoid nodule was found in 10 patients (6.3%), pulmonary involvement in 21 patients (13.2%) and anemia in 28 patients (17.6%). Mean hemoglobin from total Table 1 Clinico-demographic and laboratory parameters of RA patients (n = 159).
Variables
Number (%) Anti-CCP = anti-cyclic citrullinated peptide, DAS28-ESR = Disease Activity Score28-erythrocyte sedimentation rate, RA = rheumatoid arthritis.
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patients was within normal range (12.4 g/dL) and none of the patients had Felty syndrome or vasculitis although 2 patients (1.3%) had splenomegaly without neutropenia.
Association of anti-CCP antibody with RF and clinical parameters in RA patients
A significant association of RF and anti-CCP antibody cooccurrence (P = .002) was observed where majority of the patients (n = 61; 38.4%) were positive for both RF and anti-CCP antibody followed by RF-positive/anti-CCP antibodynegative (n = 38; 23.9%), RF-negative/anti-CCP antibody-positive (n = 38; 23.9%), and negativity for both RF and anti-CCP antibody (n = 22; 13.8%) ( Table 2) . Anti-CCP antibody was not significantly associated with the following clinical parameters: extra-articular manifestations (P = .405) which included rheumatoid nodule (P = .610), pulmonary fibrosis (P = .339) or anemia (P = .873). Anti-CCP antibody was significantly associated with radiological defects whereby majority of patients with radiological defects (n = 40/58; 68.9%) were positive for anti-CCP antibody (P = .001) ( Table 2) . Radiological defects were the only clinical parameter with significant association with anti-CCP antibody positivity, and the radiological findings of 4 representative patients who were positive for anti-CCP antibody are as follows: (Fig. 1D) : Left foot radiograph (anteroposterior) and oblique view showed marginal bony erosion of first, third, and fifth metatarsal bone with periarticular joint swelling joint reduction of all PIP joints and periarticular osteopenia. Figure 2 shows the distribution of DAS28-ESR disease activity classes based on the status of anti-CCP antibody. Majority of the patients positive for anti-CCP antibody were categorized into moderate (n = 47/83; 56.6%) or high (n = 30/83; 36.1%) DAS28-ESR class, but similar distributions were also observed for patients negative for anti-CCP antibody in moderate (n = 40/76; 52.6%) or high (n = 31/76; 40.8%) DAS28-ESR class. Indeed, the status of anti-CCP antibody was not significantly associated with DAS28-ESR score (P = .709), or with high or low disease activity (P = .735) ( Table 2) . Finally, RA patients with low disease activity showed a trend, although insignificant, association with absence of extra-articular manifestations (P = .066) ( Table 3 ).
Discussion
Clinico-demographic and clinical characteristics
In this study, we assessed the association between the status of anti-CCP antibody (positive or negative) with various clinicodemographic and laboratory characteristics in a cohort of 159 RA patients. Majority of the patients were of middle age group at diagnosis with female predominance, consistent with other studies showing similar age group distribution and female preponderance. [5, 6] For ethnic distribution in this study, Malay formed the largest ethnic group affected followed by Chinese and Siamese reflecting the local population of the Kelantan state in Malaysia consisting of approximately 85% Malays. Other parameters showed most of the patients had moderate disease activity upon diagnosis with mean DAS28-ESR score of 4.74. Radiological involvement and extra-articular manifestation only occurred in about one-third of the total patients with rheumatoid nodule, pulmonary involvement and anemia became among the most common extra-articular manifestation detected. The development of radiological involvement with extra-articular manifestation in high disease activity patients was consistent with previous studies. [7] [8] [9] 
Distribution of RF and anti-CCP antibody in RA patients
For serological tests, both RF and anti-CCP antibody were positive in more than half of the patients with prevalence of 52.2%, consistent with previous studies. [10, 11] Our study demonstrated that RF was significantly associated with anti-CCP antibody positivity and this finding was supported by Chou et al [12] where RF was found to be significantly co-occurred with anti-CCP antibody in a cohort of 155 Chinese RA patients. At early stages of disease, RA is often difficult to differentiate from other inflammatory arthritis conditions and RF alone has low Table 2 Association of anti-CCP antibody with RF and clinical parameters in RA patients (n = 159). Significant P value in bold. Anti-CCP = anti-cyclic citrullinated peptide, DAS28-ESR = Disease Activity Score28-erythrocyte sedimentation rate, RA = rheumatoid arthritis, RF = rheumatoid factor. (2019) 98:12 www.md-journal.com sensitivity in diagnosing early RA. [3] Combination of both RF and anti-CCP antibody has been shown to improve the sensitivity of early RA diagnosis [13, 14] and might help in predicting poor prognosis in terms of disease activity. [15] 4.3. Anti-CCP antibody and disease activity RA patients showed variability in disease activity upon diagnosis, which can be difficult to predict at the onset of disease. In this study, majority of the patients had moderate and high disease activity; however, there was no significant difference in both groups in terms of anti-CCP antibody. A study conducted by Serdaroglu et al [16] also found no difference in mean disease activity in both anti-CCP antibody groups. However, this is inconsistent with few other studies that reported significantly higher DAS28-ESR score in anti-CCP antibody positive group. [17, 18] The discrepancy in the results was most likely due to disease duration. Longer disease duration associated with higher DAS28-ESR score. This was exemplified in a study by Kastbom et al [19] who did not find significant association between both groups of anti-CCP antibody positivity and DAS28-ESR at 0 month but was significantly higher in the anti-CCP antibody positive group after 12 months of diagnosis. It showed that at certain duration, disease activity was persistently higher in anti-CCP positive group which indicated that these patients experienced a more aggressive disease course. However, in this study, there was no significant difference in disease activity in both anti-CCP antibody groups and this was most likely due to assessment of the disease activity was done only upon diagnosis and we did not assess the disease duration at the beginning of the diagnosis.
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Radiological involvement upon RA diagnosis
There is increasing evidence that radiographic progression, as measured by bony changes in the hands and feet, is associated with active inflammatory activity. [20, 21] In this study, we found out that RA patients positive for anti-CCP antibody had significant radiological changes compared to other groups, consistent with the observations reported by other studies. [22, 23] Both studies reported a poorer radiological outcome in the presence of RA associated antibodies (anti-CCP or RF). Our study also demonstrated that anti-CCP antibody added prognostic information to ESR and RF. As reported by Vencovsky et al, radiological damage and early erosions were higher in combination with RF and anti-CCP antibodies. [13] Early detection of radiological involvement is pivotal to prevent irreversible complication and anti-CCP antibody has been shown to be predictive of radiological involvement. It is ideal if the disease progression can be monitored using ultrasound musculoskeletal in addition to DAS28-ESR score as it is easily performed [24] but further studies are required to validate this. We also suggest that novel therapeutic agents targeting anti-CCP antibody might be effective in the treatment of RA patients with radiological defects.
Extra-articular manifestation associated with anti-CCP antibody and disease activity
Extra-articular manifestation occurred in approximately 40% of RA patients either at the beginning of the diagnosis or during the course of their disease. [25, 26] In this study, 30.8% of patients had extra-articular manifestation similar with previous studies. [27, 28] The most common extra-articular manifestation found in this study was anemia, followed by pulmonary involvement and rheumatoid nodule. The cause of anemia in RA can be multifactorial, either due to disease activity itself, anemia of chronic disease, drug-induced, nutritional problem, or gastrointestinal bleed [29] but it was not assessed in detail in this study. Further studies on the cause of anemia in RA patients should be conducted to improve the outcome and prevent the complication.
Pulmonary involvement in this study was screened through clinical examination or chest radiograph. However, other pulmonary involvement such as pleural disease and asymptomatic parenchymal pulmonary nodule might have been missed. Rheumatoid nodule was known to be associated with severe form of extra-articular manifestation [8] and in this study, only 10 patients were found to have rheumatoid nodule.
RA patients with positive RF had more extra-articular involvement compared to those with negative RF. [30, 31] However, several studies did not find association between anti-CCP antibody and extra-articular manifestation. In this study, we found that the association between RA patients positive for anti-CCP antibody and extra-articular manifestations was not statistically significant. This finding was supported by other similar studies of extra-articular manifestation. [22, 26] Many factors may affect the negative results, including patient sample sizes, disease duration, and treatment. As extra-articular manifestation is said to be associated with higher disease activity, higher mortality, poorer functional status, and significantly greater comorbidity, [8, 31] anti-CCP antibody might help in the prevention of disease progression. Although anti-CCP antibody was not significant in addressing extra-articular manifestation, but detecting anti-CCP antibody in this type of patient hopefully might help in the prevention of disease progression and further complication.
There was no association between extra-articular manifestation and disease activity in RA patients, suggesting that although extra-articular manifestation was reported upon diagnosis, the patient did not necessarily demonstrate active disease. This observation was different from another study [9] that suggested a significant association between extra-articular manifestation and disease severity. This might be due to differences in extraarticular manifestations in the authors' study which included pulmonary manifestation namely interstitial lung disease, pleural effusion, and obstructive airway disease, and neurological manifestation.
In conclusion, the usage of anti-CCP antibody is useful in the detection of early disease as evidenced by significant association between anti-CCP antibody, RF, and radiological involvement in our study. Extra-articular manifestations were not associated with high disease activity upon diagnosis of RA. Table 3 Comparison between disease activity and extra-articular manifestation in RA patients (n = 159). 
Disease activity
